Eight dogs with severe neurologic signs, including seizures, had polioencephalomalacia of the pyriform cortex, Ammon's horn and deep structures in the temporal lobe. The polioencephalomalacia was considered to be a consequence of canine distemper virus infection based on clinical signs, typical inclusions, the demonstration of viral antigens in the lesions and of characteristic paramyxovirus nucleocapsids by electron microscopy. Little evidence for neuronal destruction by direct viral activity was found. Selective nerve cell necrosis was attributed to ischemia (vascular lesions and seizure induced consumptive anoxia) and immune mechanisms. The selective involvement of the rhinencephalic structures was thought to be related to the mode of entry and spread of the virus.
Cerebrocortical necrosis in dogs has been associated with cyanide poisoning [ 131, lead intoxication [32] and cardiac arrest [20] . Several reported cases, in which no cause could be established, were classified as idiopathic encephalomalacia [ 131. Selective necrosis of the rhinencephalon of unknown cause also has been described in the dog [ 111. In a dog [ 131 distemper inclusion bodies were associated with the lesions and in another report [ 1 I] polioencephalomalacia occurred together with demyelinating distemper encephalitis. Our report presents the clinical and pathological findings in dogs with polioencephalomalacia predominantly in the pyriform lobe and hippocampus as described [ 1 I]. All our dogs had canine distemper infection and an attempt was made to correlate directly the malacic lesions with the presence of canine distemper virus.
Materials and Methods
Eight dogs were referred to the Small Animal Clinic for neurologic disorders. Each dog was given a detailed general and neurologic examination.
Fluorescent antibody conjugates were prepared by fractionation of globulins from rabbits hyperimmunized against canine distemper virus and conjugation of globulins with fluorescein isothiocyanate [7] . Fluorescent antibody tests were done by a direct technique on conjunctival smears in five dogs and on smears of cerebral spinal fluid sediment in three dogs.
All dogs were killed. Brain, spinal cord and representative samples of extraneural tissues were collected at necropsy from all dogs and immersed in buffered neutral formalin. Tissues Tabte I. Signalment 
then were processed for paraffin embedding, sectioned at 4 micrometers and stained with hematoxylin and eosin (HE). From dogs 4, 7 and 8 small samples were removed from the formalin-fixed tissue at the site of brain lesions, placed in 3% glutaraldehyde, and washed overnight in Millonig's buffer. Tissues then were fmed in 1% osmium tetroxide for I hour, dehydrated in graded ethanols, and embedded in 812 epon. One-micrometer sections were cut and stained with p-phenylenediamine, then examined by light microscopy. Silver ultrathin sections were cut from suitable areas and stained with uranyl acetate and lead citrate and examined with the electron microscope.
Results
The salient clinical findings are summarized in table I. The age of affected dogs was from 9 weeks to 4 years. A consistent clinical feature was a seizure disorder. Severity of seizures ranged from "chewing" fits to status epilepticus. Duration of seizures varied from 2 days to 2 months. Additional neurologic signs included depression, myoclonus, head tilt, circling and blindness.
T h e results of fluorescent antibody tests are in table I. In two dogs fluorescent antibody tests were positive for canine distemper virus on smears of cerebral spinal fluid sediment and of conjunctival swabs. In two other dogs fluorescent antibody test was positive on conjunctival smears. In another dog, results were inconclusive for both cerebral spinal fluid and conjunctival smears.
No lesions were found outside the central nervous system in two dogs. In six dogs lesions characteristic of canine distemper virus infection were found. Interstitial pneumonia was found in five dogs, and six dogs had viral inclusion bodies in the epithelial cells of the stomach, kidney, urinary bladder, pancreas and lung.
Severe lesions were found in the cerebral grey matter of all dogs. The distribution pattern of the lesions is summarized in table 11. The lesions predominantly involved the ventral parts of the cerebral cortex in a bilateral, or sometimes symmetrical, pattern. The pyriform cortex and Ammon's horn were affected in all dogs. The amygdalae were involved in seven, the olfactory lobes and claustra in six, and the septa1 area in five dogs. In five dogs there was also involvement of the ventral part of the sylvian gyrus. In one dog necrotizing lesions were found in the lateral geniculate bodies and in the pontine nuclei. In one dog there was focal necrosis of Purkinje cells in the cerebellum.
The lesions in the paleocortex consisted of selective degeneration of scattered nerve cells, massive selective destruction of most neurons in some areas and occasionally in pronounced encephalomalacia ( fig. 1 ). In the hippocampus the large pyramidal cells of Sommer's sector were affected ( fig. 2 ). The neuronal degeneration in this area was more intense in the h2 and h3 fields than in the hl field, and in two dogs there was also considerable necrosis of the dentate gyrus. The degenerating neurons had a strongly eosinophilic granular cytoplasm and were often shrunken (fig. 3 ). Their nuclei appeared karyorrhectic and were sometimes triangular. The surrounding neuropil was markedly edematous ( fig. 4 ). Seven dogs had swelling and proliferation of endothelial and adventitial cells of the microvasculature in affected areas ( fig. 5) . Mild perivascular mononuclear cuffing was seen in only two dogs. Moderate gliosis was evident in four dogs. In one of these were many large multinucleated protoplasmic astrocytes. In malacic lesions there was intense invasion with macrophages. Few Cowdry type A eosinophilic inclusion bodies in cytoplasm and nuclei of astrocytes and rarely in neurons were seen in the polioencephalomalacic areas in five dogs ( fig. 4 ). Six dogs had focal demyelinating lesions in the cerebellopontine angle ( fig. 6 ) and in one dog in the optic tracts. Such lesions were small and few and usually contained intranuclear viral inclusion bodies in astrocytes ( fig. 6 , inset). The appearance of such lesions was characteristic of those described in canine distemper encephalitis [ 10, 151.
Although formalin-fured tissue was used, ultrathin sections, as judged on the basis of myelin preservation, were of reasonable quality.
Similar lesions were in all three dogs examined. Affected areas looked spongy ( fig.  7a ), probably because of severe brain edema. Neurons at various stages of degeneration were identified. Injured neurons had an electron dense appearance that reflected condensation of nuclear and cytoplasmic material ( fig. 7a ). Nuclear changes included clumping and margination of chromatin and nucleolar hypertrophy. Cytoplasmic changes included hypertrophic endoplasmic reticulum, increased free ribosomes, lysosomes and multivesicular bodies. Many necrotic neurons also were seen. Such neurons were severely shrunken and pyknotic and very electron dense with obliteration of recognizable cell organelles. Intranuclear and intracytoplasmic inclusions were in neurons, endothelial cells and astrocytes. The morphology of these inclusions varied. The most prevalent form of inclusion appeared as a round or ovoid intranuclear or intracytoplasmic mass of amorphous granular material in neurons and astrocytes ( fig. 8a) . Often no internal structures were discernible. Both diameters and electron densities of the inclusions differed from cell to cell. Several inclusions contained some discernible paramyxovirus nucleocapsids ( fig. 8 , inset) scattered within. Diameter of the nucleocapsids was from 20 to 30 nanometers. Stacks of tubular structures, believed to be nucleocapsids were found in the cytoplasm of astrocytes and neurons (fig. 8b) . In other cells larger concentric tubular structures were found. Diameters of the tubular structures were from 18 to 200 nanometers. In the cytoplasm of some neurons and endothelial cells, there were crystalline protein inclusion bodies ( fig. 7 b ) . 
Discussion
Necrosis of the cerebral gray matter is a common lesion resulting from a variety of causes in several animal species. Thiamine deficiency causes polioencephalomalacia in ruminants [ 10, 151; salt poisoning or water deprivation results in a similar lesion in swine [ 101. Cyanide poisoning [ 131 and lead intoxication [32] are known to cause cerebrocortical necrosis in the dog. Prolonged cardiac arrest in the dog causes widespread ischemic necrosis of cortical and deep cerebral gray matter [20] . In all these conditions there is predominant involvement of the neocortex, especially of the dorsal gyri. In a review of all our dogs with polioencephalomalacia of unknown cause, most had neocortical involvement alone or necrosis of both neo-and paleocortex. The selective degeneration of pyriform cortex, hippocampus and deep gray in the temporal lobe seems to be a distinct disease entity in the dog, although no common cause has been established [ 1 11 . Bilateral necrosis of the pyriform cortex and Ammon's horn in the dog and cat has been related to intoxication with jodoxychinoline preparations [23] . infected explants of canine cerebellum [ 161, lymph nodes of canine distemper virus infected mink [27] and blood cells of infected dogs [30] . Ovoid, granular inclusions, such as in our dogs, are described in infected blood cells from distemper affected dogs and in Vero cells infected with several canine distemper strains [9, 301. Paracrystalline arrays have been described in canine distemper virus infected cerebellar explants [ 161, in post-vaccinal canine distemper virus encephalitis [ 141 and in demyelinating lesions in canine distemper virus infection [3 11 .
Although viral inclusions were demonstrated in the lesions, we did not find satisfactory ultrastructural evidence for physical cell destruction by direct viral activity. Most necrotic neurons examined by electron microscopy did not contain discernible viral particles. The failure to demonstrate virus in such neurons may be related partly to the inadequate fixation of the tissue for ultrastructural studies. In addition, the fine structure of distemper virus may be difficult to determine because of electron dense material [30] . Our findings, however, are consistent with previous fluorescent antibody test studies in two cases of canine distemper virus-associated encephalomalacia in which very little viral antigen was found within the malacic lesions [29] . The apparent small quantities of demonstrable viral antigens in these lesions suggests that the cytocidal effect of canine distemper virus on these neurons involves the immune system.
Canine distemper virus has been shown to create new surface antigens on infected cells within 20 to 24 hours after infection [4] . Such cell membrane changes may serve as an antigenic stimulus to the host's immune system. Complement fixing antibody has been found in dogs with distemper [l]. As described for other paramyxovirus infected cells complement and antibody may bring about cell destruction [24] and cause demyelination in canine distemper virus infection [25] . Antibody-complement complex formation may generate a series of tissue changes, including alterations in vascular permeability and edema [28] that could result in impaired perfusion and ischemic necrosis of neural cells. The important role of antibody in gray matter lesions in canine distemper virus encephalitis has been demonstrated in experimental distemper infection [ 171.
The predilection of the encephalomalacic lesions from the rhinencephalon in our dogs is remarkable. Selective degeneration of the hippocampal cortex occurs in several experimental neurotropic infections [3, 5, 6, 8, 21, 221. In Tacaribe virus infection in mice it was shown that hippocampal necrosis was related to local viral replication [3] . In murine Semliki Forest virus infection selective hippocampal involvement has been explained by the extremely rich blood supply to this area increasing the rate of entry of hematogenous virus into brain tissue [8] . Whether a similar mechanism exists in distemper infection is uncertain. Little is known about the mode of entry of canine distemper virus into the central nervous system. Circumstantial evidence such as the presence of virus antigen in meningeal and ependymal cells [29] and periventricular and subpial location of lesions in distemper encephalitis [ 10, 151 suggest viral entry along the cerebrospinal fluid pathways. Canine distemper virus antigen has been shown in perivascular inflammatory cells in the central nervous system [2] , however, and recently it has been shown that canine distemper virus may enter the brain from the blood stream by means of infected lymphocytes [26] . The rhinencephalic location of the lesions could be explained on the basis of viral entry in the olfactory pathways as described in other infections [18] . Such mode of entry could be supported by the presence of severe olfactory bulb lesions in most of our dogs. Spread of virus in the brain may be from neuron to neuron; this would explain the almost linear pattern of neuronal degeneration found in some areas.
The severe seizural activity in these animals may have played a role in the formation of the lesions. In man (121 neuronal cell loss and resulting astroglial sclerosis of the hippocampus is accepted by several authors to be the result of severe epileptic episodes. Similar lesions have been seen in animals with experimental status epilepticus [ 191. Conversely, lesions of the hippocampus and related areas may cause seizures [12] . A limited number of canine distemper virus-infected cells in the hippocampus could create an epileptogenic focus. Prolonged severe seizures then could result in further damage to the area.
Additional research is needed on viral transmission to the areas of predilection in the brain and the role of immune mechanisms in neuronal destruction. It also would be useful to collect fresh necropsy material for viral isolation and characterization.
